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CO]\IPLETE SPECIFICATION 

Improvements in Methods and Apparatus for Testing the Liquid 
Content of Substances 



We, Cabl Wilhelm Brabender, a 
German National, of Calhoun Beach Club 
Hotel, and William Ray Coyne, an 
American National, of 220, Sheridan 
5 Avenue South, botli of Minneapolis, 
Minnesota, United States of America, do 
hereby dedare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 

10 formed, to ke particularly described in and 
by the following statement : — 

This invention relates to improvements 
in methods of and apparatus for determin- 
ing the liquid content of substances for use 

15 in a manufacturing process. 

An object of the invention is to provide 
a method and apparatus for rapidly 
evaporating liquids from substances with- 
out oxidizing some of the substance itself, 

20 and for determining the resultant loss of 
weight by weighing the same before and 
after such evaporation under controlled 
conditions. 

The shortest hitherto recognised method 

25 for liquid content determinations of 
material such as, by way of example, flour 
to be used in the maldng of bread or for 
mixture with sand in metal casting, has 
required a drying period of approximately 

30 one hour at a temperature of about 130°C. 
The shortest non-recognised method has 
required heating at temperatures in the 
neighbourhood of 160*^C. for a period of 
twenty minutes or longer. Each of these 

35 periods is objectionably long, for a great 
deal of time is necessarily consumed when 
* using these methods in determining the 
moisture content of a large number of 
samples. Anyone skilled in the art would 

40 ordinarily expect that when a thin layer 
of material such as flour is subjected to 
infra-red radiation, the penetration of such 
radiation would be more than sufficient to 
dry the material effectively. 

45 It has been discovered, however, that this 
is not the case and that the length of time 




required to dry a given sample may be 
substantially reduced. 

According to tMs invention, the liquid 
content of substances to be used in a manu- 50 
facturing process is determined by subject- 
ing a sample of the substance to the action 
of heat while .agitating the same for a 
predetermined amount of time and weigh- 
ing the sample before and after such heat 55 
and simultaneous agitation treatment. 

An apparatus according to the invention 
for determining the liquid content of a 
substance is provided with agitating 
mechanism mounted within, an oven to 60 
effect frequent change of exposed surface 
of a substance contained in a pan sup- 
ported within such oven, and the liquid " 
eontent of which is to be determined, a 
weighing device being adapted to engage 65 
said pan to weigh the same while such pan 
is disposed within the oven. 

The invention is further described with 
reference to the accompanying drawings, 
wherein like reference characters refer to 70 
the same or similar parts throughout the 
several views. 

In the drawings : — 

Fig. 1 is a front elevational view of one 
embodiment of the apparatus of the 75 
invention with a portion of the oven broken 
away to show the weighing mechanism in 
operation; 

Fig. 2 is a top plan view of the. same with 
the top of the oven broken away in part to 80 
show the interior of the oven ; 

Fig. 3 is a vertical sectional view taken 
along line 3—3 of Fig. 2; 

Fiir. 4 is a horizontal sectional view taken 
along line 4-4 of Fig. 3 ; gS 

Fig. 5 is a horizontal sectional view taken 
along 5—5 of Fig. 3 ; 

Fig. 6 is a bottom view of one of the 
pans ; 

Fig. 7 is a vertical sectional view of one 90 
of the pans; 
Fig. 8 is a wiring diagram of the electric 
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connections utilized in the embodiment 
shown. 

One embodiment of the invention 
includes, as shown in Fig. 1-S, a unit con- 
5 sisting of a frame indicated generally as 10 
having a plurality of vertically adjustable 
legs 11, side plates. 12, a lower plate 13, 
and an upper plate 14 esrtending between 
the legs 11. The upper plate 14, as sliown, 

10 is rigidly secured to the upper ends of the 
S legs 11 and the lower plate 13 is rigidly 
mounted by welding or any other suitable 
means between these legs. 
Fixedly mounted upon the frame 10 in 

15 superimposed but spaced relation is an 
oven indicated generally as 15. This oven 
15 is rigidly secured to the upper plate 14 
by bolts 16 and is maintained in spaced 
relation therefrom by spacing collars 17, 

20 These bolts 16 are disposed somewhat 
centrally of the upper plate 14 and of the 
oven 15. The oven 15 is provided vdth a 
bottom wall IS within which we liave 
formed a plurality of equi-spaced apartures 

25 18a adjacent its peripheral portions. As 
shown, these apertiu'es as sis in number 
but they may, of coiu^se, be utilized in any 
numijer desired. The top wall 19 of the 
oven ^ is . provided • vdth a plurality of 

30 adjustable ventilators 20. The front side 
-wall 21 is provided with a window 22 and 
a thermometer- -23 which is adapted to 
indicate the temperature of the air within 
the oven 15. 

35 « Moiuited -in. each of -the apertures ISa 
with the exception of one indicated as 18& 
in Fig. 1, is a bearing 24 having mounted 
therein, a rotatable shaft 25. Each of these 
shafts 25 is provided at its lower end with 

40 a drive gear 26 and at its upper end vdih. 
a support plate 27. Each of the support 
plates 27 has a central recess 27a- (Fig. 4) 
and peripheral recesses 27b. A drive 
chain 28 is driven by a motor M to rotate 

45 the shafts 25 vdth their plates 27. 

Rigidly mounted in upright position 
upon the central portion of the lower plate 
13 is a hollow shaft 29. This hollow sliaft 
29 extends upwardly through the upper 

50 plate 14 and through the bottom wall 18 
of the oven 15 to a point adjacent the top 
wall 19 of the oven. At its upper end a 
mounting plate 30 is rigidly secured 
thereto and this mounting plate carries a 

55 pair of electric heating elements 31 and a 
plurality of infra-red lamps 32. One of 
these lamps 32 is disposed dii'eetly above 
each of the support plates 27. 
Mounted on the hollow shaft 29 in free 

60 slidinsr relation with respect thereto is an 
inner "sleeve 33 which extends upwardly to 
a point spaced below the mounting plate 
30. Fixedlv secured to the lower end 
portion of the sleeve 33 is a shaft collar 

65 34 which has a pair of spaced shoulders 



35 thereon. A shift lever 36 is pivotally 
mounted on a mounting bracket 37 which 
in turn is mounted upon the front side 
plate 12, the arms of whi-eh extend in- 
wardly to engage the collar 34 between the 70 
shoulder members 35. 

Mounted on the inner sleeve 33 in free 
sliding Isolation wdth respect thereto is an 
outer sleeve 39, This oiiter sleeve 39 is 
considerably diorter than the inner sleeve 75 
33 and has fixedly mounted on its lower 
end a lock plate 40, the peripheral edge 
of which has formed therein a plurality of 
recesses 41 as best shown in Fig. 5. The 
number of these recesses 41 is gi*eater by 80 
one than the number of lamps 32 or 
support plates 27. The recesses 41 co- 
operate with a lock post 42 which is rigidly 
mounted in upstanding position upon the 
lower plate 13 of the frame 10. These 85 
recesses 41 also co-operate with a spring 
controlled pin 43 mounted in guides on a 
bracket on the frame 10 and frictionally 
eno-aging one or other of the recesses 41 
of the plate 40 on the outer sleeve 39 to 90 
hold this against rotational movement 
about its axis. This is best shown in Fig. 5. 

]trounted on the outer sleeve 39 in spaced 
relation to and above the lock plate 40 is a 
bevel gear 44. This bevel gear 44 is fixedly 95 
secured to the sleeve 39 and positioned 
below a complementary lievel gear 45 whieli 
is formed on the inner end of a manually 
operated drive shaft 46. The drive shaft 
46, as shown, is mounted for free rotational 100 
movement about its longitudinal^ axis 
within a depending bearing 47 which is 
rigidly secured to the upper plate 14 of 
the frame 10. As sho^vn, tlie drive shaft 
46 is provided with a lianrlle 48. Also 105 
fixedly mounted on the outer sleeve 39 just 
above the co-operating bevel gear 45 is a 
retainer disc 49. This retainer disc 49 has 
a plurality of spaced depending teeth 50 
which are disposed so as to engage the teeth 110 
of the bevel gear 45 when the retainer disc 
is in lovrered position. 

As shown best in Fig. 3, the sleeves 33 
and 39 extend upv;ardly through the upper 
plate 14 and the bottom wall 18 of the 115 
oven into the interior of the oven itself. 
Fixedly mounted on the outer sleeve 39 
above the bottom wall 18 is a collar 51 
V/hich has secured thereto a pan holder or 
tray 52. This pan holder or tray 52 is 120 
provided vrith a plurality of equally spaced 
apertui*es 53 exceeding in number by one 
the number of support plates 27. The 
apertures 53 are disposed immediately 
above the support plates 27 and are each of 125 
sufficient diameter to snugly receive therein 
a pan 54. Each of the pans 54, as best 
shown in Figs. 6 and 7, is provided with 
a centex*ing pin 55 and a drive pin 56. The 
centering pin 55 is adapted to be received 130 
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into the centering recess 27a of a support 
plate 27 and the drive pin 56 is adapted 
to be received in the recess 276 of that 
plate. Each of the pans 54 has a vertical 
5 side wall 54a which flares outwardly as at 
54&. 

Fixedly mounted on the sleeve 33 above 
the pan holder 52 is a mounting collar 57. 
Extending outwardly from this mounting 

10 collar 57 is a plurality of depending stir- 
ring arms 58. These arms equal in number 
the number of support plates 27 and are 
arranged to extend downwardly to a point 
^ directly above such plates so as to extend 

15 within the confines of a pan 54 when such 
pan is supported by the plate 27, As best 
shown in Fig. 3, the stirring arms 58 
extend outwardly to a point slightly 
beyond the centre of each pan 54 and 

20 depend downwardly to a point where they 
will be in very dose proximity to the 
bottom of the pan. The inner end of each 
stirring arm 58 extends sufficiently far 
toward the side of the pan to insure that 

25 all of the contents of the pan will be en- 
gaged and agitated when the pan 54 is 
rotated. The stirring arms 58 are prefer- 
ably shaped as shown. 
Mounted on the front side plate of the 

80 frame 10 is a weighing mechanism 
indicated generally as W which is encased 
in a substantially closed compartment to 
prevent air currents from influencing the 
same. This weighing machanism W is 

55 comprised of a steelyard 59 which is 
pivoted as at 60 and which is pro\ided at 
its right hand end, as viewed in Fig, 1, 
with a plate 61 bearing a plurality of 
upstanding rods 62 which pass through 

40 apertures 186 of the tray or pan holder 52, 
and a dependent counter weight 63» As 
shown, the plate 61 is pivotally mounted on 
the right hand end of the steelyard and 
carries an indicator 64 which will provide 

45 a direct scale reading on the moisture per- 
centage scale 65. The steelyard 59 is pro- 
vided, as shown, with a eounterbar 66. 

Pivotally mounted on the inside of the 
front side plate of the frame 10 is a lever 

50 67 which ha^ a cam 68 on its forward end 
and a control arm 69 midway along its 
length and projecting to one side to en'gage 
the right hand end of the steelyard 59 to 
withdraw the rods 62 from the apertures 

55 186 in the pan holder or tray 52. A timing 
mechanism indicated generally as T is also 
provided to furnish a signal when the 
infra-red lamps have been heating for a 
desired period. 

60 Fig. 8 shows a diagrammatical view of 
the electrical circuit used in the device. The 
infra-red lamps 82 and the heating 
elements 31 are supplied with electrictiy 
by wires which extend therefrom down- 

65 wardly through the hollow shaft 29. The 



source of eleetricty indicated generally as 
S in Fig. 8 provides tiie necessary current 
for the motor M when a s\vitch 70 is moved 
to closed position. It also provides, through 
these wires, the necessary current for the 70 
timing mechanism T and the infra-red 
lamps 32 when a switch 71 is closed. The 
heaters 31 are connected in a. manner such 
that either one or both may be heated at 
the same time by merely throwing in a 75 
double throw switch 72 into the desired 
position. As sliown, in Fig. 8 neither of 
the heating elements 31 would be energized. 
As the switch 72 is thro^vn to its lower 
position, only the upper of the two heating 80 
elements shown in Fig. 8 will be enei^ized. 
If the switch 72 is moved to its upper 
position as shown in Fig. 8, both of the 
heating elements will receive current. 

In operation, the substances having the 85 
unknown liquid content are weighed out 
on a separate scale in desired weights such 
as 10 grams, and upon separate pans. The 
pans 54 containing the desired amount of 
the substance are thereafter inserted into 90 
the oven 15 and positioned on their res- 
pective support plates 27. In order to do 
this, of course, the mounting collar 57 and 
the stirring arms 58 must be in the raised 
position. To move these arms 58 to raised 95 
position, the operator depresses the shift 
lever 36 to cause its fork 38 to move the 
shift collar 34 upwardly. The shift collar 
34 will move upwardly through the sliding 
a-ction of the sleeve 33 with respect to the 100 
hollow sliaft 29 imtil the upper end of the 
collar 34 engages the lower surface of the 
lock plate 40. As it does this, the mounting 
collar 57 will move upwardly with the 
sleeve 33 to a level intermediate the levels 105 
shown in solid lines and m broken lines in 
Fig, 3. 

As the inner sleeve 33 moves upwardly 
carrying the outer sleeve 39 therewith, the 
lock plate 40, the bevel gears 44, the HO 
retainer disc 49, and the pan holder or 
tray 52 are carried upwardly because of 
their fixed mountings on the^ outer sleeve 
39. Thus it can be seen that when the 
shift lever 36 has its outer end forced 115 
downwardly to its lower limit, the mount- 
ing collar 57 and the stirring arms 58 will 
be disposed in the position shown in broken 
lines in Fig. 3. At the same time, the pan 
holder or tray 52 will be moved upwardly 120 
to lift the respective pans 54 free from 
their respective support plates 24. At the 
same time, the retainer disc 49 will be 
lifted free of the bevel gears 45 and the 
bevel gears 44 will be brought into engag- 125 
ing position with the bevd gears 45. 
Meanwhile the lock plate 40 will be forced 
upwardly to a position free of the lock post 
42. The pans 54 may then be inserted into 
apertures 53 of the tray 52 and the 130 
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moistoe determining operation is ready 
to commence. , 

When the sliift lever 36 is moved up- 
^vardlr, the collar 34 is dra^vn downwardly 
5 and the respective parts once again a^sum^e 
the positions shown in solid lines m t ig. 
While in these positions, the lock post 4- 
. and the spring pawl 43 serve to lock the 
outer sleeve 39 and the pan holder or tray 
10 52 from rotating on their axes. At the 
same time, the depending teeth 50 on the 
retainer disc 49 will engage the teeth ot 
the bevel gear 45 to insure that this gear 
w-ill at all times be properly oriented to 
15 receive the bevel geax 44 for co-operative 
action when the latter is raised suMciently 
to engage the gear 45. 

Prior to starting: the motor M, it is 
desirable to heat the oven to the desired 
20 temperature. To facilitate such beating, 
the heatini? elements 81 may be utilized as 
described above. After the desired tem- 
perature has been reached, these elements 
may be cut out while the infra-red lamps 
25 32 'are permitted to continue to burn. ^ 
By- closing the switch 70, the motor M is 
started and^the drive chain 28 commences 
to drive the iiiiuits 'Zo and their respective 
sui>port plates 27, As each support plate 
30 rotates, the respective pan 54 will also 
rotate due to engagement of the drive pm 
m with a recess 27& in the support; plate. 
It should be noted that the lowering of the 
collar 34 permits the pan holder or tray 
35 52 to move downwaixlly to a position sueH 
that the pans 54 wall rest upon their res- 
pective support plates 27 and that it also 
permits the respective stirring arms 58 to 
be lowered to operative position withm the 
40 confides of the pan 54. _ ^ , 

As the pans 54 are rotated by their 
respective support plates 27, the substances 
contained therein will be rapidly agitated 
bv the lower horizontal portions of the 
45 arms 58. It should be noted that the lower 
horizontal portion of each arm 58 extends 
ta a point slightly beyond the centre o± 
each pan to ensure that all of the sub- 
stances wdll be engaged by the arm. Smce 
50 the lower horizontal portion of the am is 
disposed in close proximity to the bottom 
of the pan 54, the whole charge therein will 
be disturbed and the exposed surface 
thereof in .consequence ^^11 be repeatedly 
55 cliansed. This repeated changing of the 
■ exposed surface of the substance whicn is 
exposed to the heat generated by the infra- 
red lamps 32 permits the use of eonsider- 
ablv hi<^her temperatures tlian would other- 
CO wise be possible and facilitates the rapid 
evaporation of the liquids such as water 
Pontained in saich substances. \\ ithoxit 
s-«h st^r]'2n<»-, a relatively low heat must 
be'used for such drying process to avoid 
65 scorching of the substances contamed 



within the pans. This is imperative since 
any scorching which takes place necessarily 
means that oxidation to a certain extent 
has occurred. Such ojddation always is 
accompanied by a corresponding ol70 
wei-ht of the. substance itself and thus 
would iutroduee substantial inaccuracies. 

The rotation of the pans 54 vn\h respect 
to tlie stirring arms 58 provides a starring 
action within the substances contained in7D 
the pans which strongly resembles plough- 
ino". Since the exposed surface ot the 
substance will relatively cool when brought 
from below the lieap by the action ot the 
stirrin- arms, and since it will be e^osedSU 
to the^ infra-red lamp only briefly before 
beinn* a!?ain ploughed under, a much more 
mtense heat may be used without serious 
danger of scorching. Thus it can be ^seen 
that the rate of evaporation of hquids from »t> 
such substances wall be greatly nicrensed 
as a direct result of the mixnng and the 
uniform and permeating heatinsv through- 
out the mass of the substance. 

After the su1)stances contained m tneyu 
pans 54 have been subjected to this 
repeated agitation beneath the iiifra-recl 
laiW o2 fur a period of five to ten minutes 
bv war of example, it has been found that 
substantially all of the moisture contamed 9:> 
therein will have been e^nporatod. ^ In 
fact, the errors involved in comparison 
with methods wherein the subfstances have 
been dried at a slo^ver rate for a period 
of one hour or more are less than 0.1%. 100 
Til" resnf^ctivp r>vt\^ 9.ncl theii* contents are 
then ready for weighing. To determine the 
loss of weight resulting from the driving 
operation, the shift lever 36 is agam smmg 
to its downward position so that all of tlie lUo 
pans 54 will be supported by the pan 
holder 52. Bv turnins: the handle 48, the 
bevel sear 45 will rotate the bevel gear 44 
and, consequently, the pan holder o-, to a 
position where the pan desired to be 110 
weidied will be disposed directly aliove the 
openinu- through which the i^ds 62 may 
project upwardly, mien the pan is at this 
point, the lever 67 is moved to i^s/?^"" _ 
ward position to permit the steelyard o9 to llt> 
perform the weighing operation, \vlien the 
lever am 67 is forced downwardly the 
control arm 69 will sro upwardly and the 
rods 62 wiU extend upwardly through the 
aperture 186 in the tray 52 to elevate the 120 
pan 54 which has been just previously dis- 
posed thereabove. The percentage ot 
moisture of the pan's contents will be in- 
dicated directlv on the direct reading scale 
6o. At the same time, as the outer end 12o 
of the lever 67 is moved downwardly, the 
cam 68 on its end is brought behind the 
spring pin 43 to lock the same in position. 
Thus the operator is doubly insured against 
anv inadvertent turning of the tray o2 with lc5U 
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consequent injury to the steelyard 39, 

The operation described above may be 
repeated for each of the respective pans. 
Thus it can be seen that the device may be 

5 used as desired, either first weighing out 
five samples of the desired weight and dry- 
ing them all simultaneously and weighing 
them successively, or by placing one pan 
within the oven after each weighing opera- 

10 tion to replace the pan just previously 
weighed and removed so as to make the 
operation continuous. 

It should be noted that each of the 
stirring arms 58 when raised to its upper- 

15 most position comes in contact with its 
respective infra-red lamp 32. This contact 
jars the arm 58 slightly and insures "tiiat 
none of the substances, the moisture con- 
tent of which is to be determined, clings to 

20 the arm 58 to cause inaccuracies in. the 
determination. 

It has been found that temperatures 
ranging between 250 degrees to 350 degrees 
Fahrenheit within the oven 15 are pref er- 

25 able for these determinations in the case, 
for instance, of testing of flour. The heat- 
ing elements 31 are utilized to bring the 
temperatures of the oven up to the desired 
level within a relatively short period of 

30 time when the determinations are being 
commenced. After the temperatures has 
once reached the desired level, the lamps 
32 will maintain the temperature level 
sufficiently without the use of the heating 

35 elements 31. 

The agitation of the contents of the pan 
54 is primarily responsible for the 
increased rate of evaporation made possible 
with this device. It has been found that 

40 such agitation permits the use of higher 
temperatures during the drying operations. 
For example, whereas previously a sub- 
stance could only be heated at a given 
'temperature for three minutes vrithout 

45 scorching, it is now possible to heat the 
same -subtance for a period of thirty 
minutes without scorching as a result of the 
repeated changes made in its exposed sur- 
face due to its constant agitation. This 

50 agitation may be effected otherwise than 
by stirring, as for instance by subjecting 
the same to vibratory movements. 

It may be noted that the determinations 
are made with the respective pans remain- 

55 ing within the interior of the oven itself 
so as to insure maximum accuracy in. the 
determinations. In addition, while the 
weighing operation is performed on a 
sample, the remaining samples can be in 

60 .process of being dried, within the 
apparatus. 
"What we claim is : — 
1. A method of testing the liquid content 
of substances to be used in a manufacturing 
65 process consisting in subjecting a sample 



of the substance to the action of heat while 
agitating the same for a predetermined 
amount of time and weighing the sample 
before and after such heat and simul- 
taneous agitation treatment. 70 

2. A liquid content-determining appara- 
tus in which agitating mechanism is 
mounted within an oven to effect a frequent 
change of exposed surface of a substance 
contained in a pan supported withio such 75 
oven and the liquid content of which is to 
be determined, a weighing device being 
adapted to engage said pan to weigh the 
same while such pan is disposed within the 
oven. 80 

3. Liquid content-determining apparatus 
as claimed in Claim 2, in which means are 
provided for supporting and revolving 
within the oven the pan containing the 
substance the liquid content of which is to §5 
be determined. 

4. A liquid content-determining appara- 
tus as claimed in Claim 2, in which the 
weighing device is disposed outside said 
oven and extends into said oven to engage 90 
the pan to weigh the same while disposed 
Avithin said oven. 

5. A liquid content-determining appara- 
tus as claimed in Claim 2, in which a 
revoluble pan-holder is disposed within the 95 
oven and is adapted to support a plurality 
of pans containing substances the liquid 
content of which is to be determined, means 
being provided to revolve the holder to 
selectively position any one of such pans lOO 
in a predetermined position for weighing. 

6. A liquid content-determining appara- 
tus as claimed in Claim 5, in which the 
agitating mechanism comprises stirring 
arms mounted for limited vertical move- 105 
ment relative to said pan-holder. 

7. A liquid content-determining appara- 
tus as claimed in Claim 5, in which the 
agitating mechanism comprises stirring 
arms, each of which extends from a point 110 
adjacent the side wall of a pan to a point 
beyond the centre of the same whereby 
efficient stirring of all the substance con- 
tained within each pan may be assured. 

8. A liquid content-determining appara- 115 
tus as claimed in Claim 5, in which the 
revoluble pan holder within the oven is 
provided with holes adapted to support a 
plurality of pans containing substances the 
liquid content of which is to be determined, 120 
the revolution of said pan holder being 
arrestable at a predetermined position, at 
which a pan is engaged and elevated by 
the weighing device, while a plurality of 
stirring arms are mounted for vertical 125 
movement above each of such pans so that 
they may be lowered into the respective 
pan to engage and stir the contents thereof. 

9. A method of testing the liquid content 

of substances as hereinbefore particularly 130 
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flpsr.r51iftd ^' THOMSON & CO., 

10 A ' Uquid coatent - determining 12 Church Street, Liverpool, 1, 
apparatus eonstmcted as hereinbefore par- Chaxtered Patent Agents, 
ticularly described with refer^ice to the 
5 accompanying drawings. ^ 

Drfn*-oii Wpr Maiesfcv»s Stationery Office by Wickes & Auarews, Ltd., E.G.4. 39/244.— 1953. 

may be abtainea. 
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